Since an exponential increase in new taxa can be expected in the future, the authors discuss problems related to naming new species and genera based upon descriptions of a single isolate and suggest that this practice is re-evaluated. It is proposed that the following should be added to Recommendation 30b of the Bacteriological Code : ' Descriptions should be based on as many strains as possible (minimum five), representing different sources with respect to geography and ecology in order to be well characterized both phenotypically and genotypically, to establish the centre (from which the type strain could be chosen) and the extent of the cluster to be named. In addition, comparative studies should be performed, including reference strains that represent neighbouring species and/or genera, in order to give descriptions that are sufficiently detailed to allow differentiation from these neighbours. '
The rules of bacterial (domains Archaea and Bacteria) nomenclature are stated in the 1990 Revision of the International Code of Nomenclature of Bacteria (in short Bacteriological Code) (Lapage et al., 1992) ; however, the Bacteriological Code does not deal with the classification of bacteria, including the criteria for selection of isolates. Recommendation 30b of the Bacteriological Code (1990 Revision) states that ' Before publication of the name and description of a new species, the examination and description should conform at least to the minimal standards (if available) required for the relevant taxon of bacteria '. Minimal standards were included in the Bacteriological Code to ensure the optimal circumscription of new taxa to be named within specific groups of bacteria (Lessel, 1971) . Fewer than ten minimal standards have been published by the Subcommittees on Taxonomy under the International Committee on Systematic Bacteriology (ICSB). In these cases, recommendations as to the selection and the number of isolates have been given. It has been recommended to base descriptions of new species on the characterization of not fewer than five, or ten, and preferably as many isolates as possible. These isolates should be independently isolated and obtained from different locations (Dewhirst et al., 2000 ; Graham et al., 1991 ; Oren et al., 1997 ; 
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H. Christensen and others al., 1994) . It is, in our opinion, necessary that certain principles are followed for all new taxa to be named, including recommendations as to the number of strains studied in order to ensure the quality of taxonomy. Formally, this could be executed through the Editors of the International Journal of Systematic and Evolutionary Microbiology (IJSEM) [formerly International Journal of Systematic Bacteriology (IJSB)] in the form of instructions to authors and reviewers or through new recommendations included in the Code.
The diversity of isolates used for characterization of a new taxon and for selection of the type strain is of importance to other disciplines which are dependent on the reliability of bacterial taxonomy, such as human and veterinary medicine, agricultural and environmental sciences, as studies of the type strain are often used to draw general conclusions (Young, 2000) . Rule 15 of the Bacteriological Code requires that a nomenclatural type strain is designated for each named taxon but it is not required that the nomenclatural type strain is the most representative element. With only one strain per taxon (the nomenclatural type), information about character divergence, ecological or geographical distribution of the new named taxon would be unavailable (Sneath, 1977) . For example, in medical and veterinary microbiology, description of a new species based upon a single isolate leaves the users with major uncertainty as to diagnosis, clinical significance, subsequent treatment and prophylaxis. Such information is formally irrelevant for naming a new taxon according to the Bacteriological Code, but it is convenient that information about ecology and distribution is provided. Such information might easily be published, e.g. in IJSEM, which aims at the publication of all types of systematics.
An increasing number of new genera and species are named and published in IJSEM based on the characterization of a single isolate (Frederiksen et al., 1999) .
To analyse to what extent this has happened during the past decade and to examine whether this has been a problem for the scientific quality of bacterial taxonomy, we decided to evaluate the publications in IJSB\IJSEM and, based on that, to discuss recommendations as to diversity of collections of strains used for taxonomy.
Numbers of isolates used to characterize new genera and species during 1990-2000
Publications of new, named bacterial genera and species during 1990-2000, but not taxa or new combinations or reclassifications based on strains previously named, were included. The number of strains per new taxon was the maximum number of strains listed in the paper. Only publications where some or all isolates were characterized de novo were included. The subspecies category was not included in the analysis, because the number of new named subspecies has been at a steady low level (data not shown). In addition, the majority of new named subspecies has been suggested on the basis of two or more isolates. Nomenclatural changes effectively published outside IJSB\IJSEM were not included.
Since 1990 the number of bacterial names for new taxa at genus and species levels has increased almost every year and in recent years the numbers have increased in an exponential-like manner (Fig. 1) . From 1990 to 2000, the increase has been approximately four-and sevenfold for species and genera, respectively. The proportion of new named taxa based upon characterization of a single isolate has, however, remained steady at around 40 % for both genera and species (Fig. 1, insets) .
Bacterial population structure and strategy of classification
The publication of a new genus or species based on the characterization of only a single isolate would be justified if all isolates of a new taxon studied had turned out to be pheno-and genotypically identical. The evolution of such a taxon would have required an endemic population with complete genetic isolation (a population is here defined as a genotypic and functional subset of a bacterial taxon). In addition, new variants arising within the population should have been completely suppressed by a strong selection pressure. It cannot be excluded that such genotypically homogeneous taxa with endemic distribution exist. However, the probability is low and this type of population structure is not a likely a priori assumption for new groups with unknown population structure. One reason is that a global or disjunctive, rather than an endemic, distribution seems to be the general pattern at the level of genera and species representing both the Bacteria and the Archaea (Achtman & Pluschke, 1986 ; Beltran et al., 1988 ; Enright & Spratt, 1998 ; Williams et al., 1996) . Another property of bacterial populations is that genetic rearrangements frequently occur, often related to environmental changes (Madigan et al., 2000 ; Wright, 2000) . Genetic recombination processes are less studied in the Archaea than in the Bacteria (Tumbula & Whitman, 1999) , but the high phenotypic and evolutionary diversity of representatives within the Archaea makes it likely that genetic recombination processes are no less frequent within this group compared to the Bacteria. As to the view of population structure, it is unknown how often very narrow and rarely isolated bacterial species exist in nature. However, the a priori assumption would be a predominance of species separated in two or more populations (Palys et al., 1997) .
Populations and not individuals became the units of zoological systematics and the level for classification already in the 1930s and 1940s (Simpson, 1961) . Information about population structure is not available for most new bacterial taxa and an increased research effort in the field of population genetics would be beneficial for taxonomic studies. 
Selection of isolates versus diversity in methods used for their characterization
The stringency of criteria used for selection of isolates weighted against the work put into their characterization was discussed by Tru$ per & Schleifer (1992) , who documented good theoretical reasons to include many isolates. Nevertheless, historical facts, according to them, have shown descriptions of most bacterial species during the last century based on the characterization of only a few isolates. It has been recommended recently ' that new species containing a single strain or new genera containing a single species be validly named only if their genotype and phenotype have been thoroughly and adequately characterized ' (Vandamme et al., 1996) . While we agree that adequate tests for characterization should be obligatory in taxonomic investigations, we argue that this, in itself, will not protect against subsequent problems of identification caused by lack of diversity in the assembly of the strains that formed the basis for description and naming of the taxon.
The unusually strong weight given to phylogenetic 16S rRNA sequence analysis compared to other geno-and phenotypic characters in classification is the most obvious reason for the publication of new names at genus and species levels based on characterization of a single isolate. The genotypic definition of a new genus is often based on monophyly and a low sequence similarity as derived by 16S rRNA sequence comparison. The occasionally high 16S rRNA similarity at the species level has been stressed (Fox et al., 1992 ; Stackebrandt & Goebel, 1994) , and thus a new species H. Christensen and others is justified from a genotypic point of view if the 16S rRNA sequence analysis indicates the genus level and if DNA-DNA hybridization shows DNA binding of less than 70 % between the new taxon and all other known strains (Ursing et al., 1995) .
The strong weight that is put on phylogenetic 16S rRNA sequence comparison and DNA-DNA hybridization in classification is in accordance with the recommendations by ICSB that nomenclature should reflect genomic relationships to the greatest extent possible (Wayne et al., 1987) . This concept has improved the scientific quality of taxonomic studies, but, in light of the data presented, it seems obvious to discuss inclusion of further recommendations with respect to the selection of isolates for comparative investigations. The problem was recognized for new taxa when the accuracy in relation to identification was found to be low based upon a single isolate representative 16S rRNA sequence deposited in GenBank (Clayton et al., 1995) . As an example, for members of Pasteurellaceae, 6 % of published 16S rRNA sequences are associated with annotation errors such as wrong or old genus or species names (data not shown).
Nomenclatural problems?
A particular problem associated with establishing new genera or species on the basis of characterization of a single or few isolates is the subsequent identification problems due to differences among isolates in diagnostic characters in relation to the type strain, because the type strain does not necessarily represent the median values (Frederiksen et al., 1999 ; Sneath, 1977 ; Young, 2000) . This again might subsequently necessitate reclassification of new genera or species with resulting nomenclatural changes. Such frequent changes in nomenclature should be avoided (Lapage et al., 1992) , especially for microbiologists who depend on an unambiguous name for a pathogen.
A good taxonomic practice is to select the type strain from the most representative population of the habitat of the new taxon (Mayr, 1944) . Whether this practice of defining type strains is useful or whether it would be better to assign a ' nominifer ' to name-bearing strains was the topic of a recent taxonomic note (Young, 2000) . In light of the difficulties already present in handling the type strain concept, it would probably lead to more confusion if both nomenclatural and diagnostic type strains were used. For new taxa to be named, a pragmatic solution would be to select the type strain to be the most representative with respect to characters defining the new taxon among the strains studied. This would not conflict with Rule 15 of the Bacteriological Code (1990 Revision), but requires detailed information on diversity within the taxon.
To our knowledge, frequent nomenclatural changes due to initial characterization of too few isolates have not yet caused problems with bacteria of veterinary importance. This statement, however, is based only on a search through nomenclatural changes since 1984 (Christensen et al., 1999 
Proposal
We propose a modification of Recommendation 30b of Rule 30 of the Bacteriological Code (1990 Revision) to ensure that strains used for classification are geographically and epidemiologically independent and that proposals for new genera, species and subspecies are not accepted if they are based on only single strains, since the characterization of a single strain is insufficient to represent variability without a priori knowledge of population structure. This Recommendation will also serve as an editorial guideline for systematics journals.
In conclusion, it is proposed that the following should be added to Recommendation 30b of the Bacteriological Code : ' Descriptions should be based on as many strains as possible (minimum five), representing different sources with respect to geography and ecology in order to be well characterized both phenotypically and genotypically, to establish the centre (from which the type strain could be chosen) and the extent of the cluster to be named. In addition, comparative studies should be performed, including reference strains that represent neighbouring species and\or genera, in order to give descriptions that are sufficiently detailed to allow differentiation from these neighbours. '
